one dimension of executive functioning. However, inhibition also does not seem to be a unitary construct. Substantial evidence indicates that currently used tasks are not pure measures of inhibition (Dempster, 1993; Harnishfeger, 1995; Nigg, 2000) . Friedman and Miyake (2004) propose three components of inhibition, two of which (prepotent response inhibition and resistance to distraction) are highly related to one another and one of which (resistance to proactive interference) appears distinct. Indeed, inhibition has been proposed to contain up to eight distinguishable subtypes, including aspects of (a) interference control (modulation 2 VOTRUBA AND LANGENECKER or prevention of interference mediated by anterior cingulate and dorsolateral prefrontal cortex); (b) cognitive inhibition (suppression of nonpertinent information from working memory mediated by anterior cingulate, prefrontal, and association cortex); (c) behavioral inhibition (suppression of a prepotent response mediated by the lateral and orbital prefrontal areas); and (d) oculomotor inhibition (suppression of reflexive saccades mediated by the frontal eye fields/orbitofrontal cortex; Nigg, 2000) . These disparate observations and theoretical postulations underlie the complexity of inhibition as a construct within the broader rubric of executive functions.
We propose that the construct of inhibition can be differentiated from complex and sustained attention and other aspects of executive functioning, such as interference control. Tests requiring complex attention, such as Arithmetic and LetterNumber Sequencing from the Wechsler Intelligence Scales, employ competing resources on attentional networks (i.e., require recruitment of working memory), while tests requiring sustained attention, such as standard continuous performance tests or tracking and vigilance tests, require continued recruitment of a static working memory set over a prolonged period of time. Likewise, tests of interference control such as the Stroop task require participants to keep some information out of working memory and to resist interference from an external, prepotent stimulus. Thus, all of these tasks require either ignoring or selecting appropriate information from working memory, while none of them require fluidity in changing a working memory "go" set with an "inhibitory" set. Inhibition can therefore be thought of as a binary outcome, and interference as a conflict process, illustrating distinct and separate elements of these subdomains in some cognitive tasks.
The Parametric Go/No-Go (PGNG) task used in the present study includes both "static" and "context-based" inhibition. The task includes one static level that is similar to a classic sustained attention or vigilance task, wherein subjects respond to set targets whenever they appear and ignore nontarget distractor items with no change in the target and distractor sets. In addition, the PGNG task contains two "context-based" levels that include rules for changing or shifting the target "go" and distractor "no-go" mental sets. Thus, the to-be-inhibited distractor is dependent upon the context, or previous performance and stimuli. We propose that context-based inhibition may be a more ecologically valid type of inhibitory control, whereby a previous response, changing context, or new instruction can result in "real-time" changes in target and distractor sets (Langenecker et al., 2005; Langenecker, Briceno, Hamid, & Nielson, 2007; Langenecker, Caveney, et al., 2007; Langenecker, Kennedy, et al., 2007; Langenecker, Zubieta, Young, Akil, & Nielson, 2007; Miller, Langenecker, Freymuth, Persad, & Nielson, 2004) . Specifically, context-based inhibition is a core component of social behavior and can illustrate why certain individuals perform well in highly regulated environments but poorly in unstructured contexts. In fact, Rieger and Gauggel (2002) proposed that inhibition is one of the most extreme forms of control required in many real-life situations when unanticipated changes in the environment suddenly make ongoing actions inappropriate. The fluidity and efficiency of shifting contexts is difficult to assess in the controlled environment (as in neuropsychological evaluations). The PGNG task allows one to assess this inhibitory ability specifically as the task complexity increases. Variables from the PGNG task assess different aspects of inhibition, interference resolution, sustained attention, and mental set shifting, increasing in complexity and difficulty from the first through third levels of the task.
Factor analysis (FA) is one strategy for exploring and validating the PGNG variables and how they measure distinct, if slightly related, constructs. An original factor analysis of the PGNG task was completed with 73 control subjects and 367 psychiatric patients reporting for the first time to a tertiary care facility (Langenecker, Caveney, et al., 2007) . Principle axis factor analysis was computed, with oblique varimax rotation. This FA also included the Facial Emotion Perception Test, with an accuracy and a response time factor extracted for the respective variables from that test. With regard to the PGNG variables, three factors were extracted: (a) an "Inhibitory Processing Speed" factor including the go item reaction times for Levels 1, 2, and 3 of the task, (b) an "Attention Accuracy" factor including the percentage correct to go targets for Levels 1, 2, and 3 of the task, and (c) an "Inhibitory Control Accuracy" factor including the percentage correct inhibition to repeating no-go lures for Levels 2 and 3 of the task. More recently, Ryan and colleagues (2012) formed its own factor, even though other measures with putative inhibition and interference-related functions loaded onto the factor called Processing Speed with Interference Resolution. A third factor including accuracy in responding to go targets loaded onto a Conceptual Reasoning with Set Shifting factor with correct response and perseverative errors from the Wisconsin Card Sort Test. The current study proposes to validate the distinction between these three constructs of the PGNG task, replicating the structure observed in prior studies.
The PGNG task presented here was designed initially as a computerized test to study sustained attention and inhibitory control within the functional magnetic resonance imaging (fMRI) environment for healthy aging and substance abuse (Garavan, Ross, Li, & Stein, 2000; Nielson, Langenecker, & Garavan, 2002) . It has since been used to study different healthy and clinical populations, including healthy older adults as compared to healthy younger adults Langenecker, Nielson, & Rao, 2004; Nielson et al., 2002; Nielson et al., 2003) and patients with psychiatric disorders, traumatic brain injury, and stroke (Giel et al., 2012; Langenecker et al., 2005; Langenecker, Caveney, et al., 2007; Langenecker, Kennedy, et al., 2007; Ryan et al., 2012; Votruba et al., 2008; Votruba, Rapport, Whitman, Johnson, & Langenecker, in press ). Traditional clinical measures such as the Wisconsin Card Sort Test (WCST) and Part B of the Trail Making Test, as well as standard continuous performance tests, are commonly used in these populations to assess executive functioning. However, these measures have been criticized as being too broad and complex to differentiate aspects of executive functioning within the few global scores that they yield, and they suffer from difficulties with reliability and learning effects. In contrast, the PGNG task has been found to correlate strongly with other measures of executive functioning yet possesses the ability to specifically distinguish individuals with and without clinical manifestations of impulsivity by analysis of individual and factor variables. For example, Votruba et al. (2008) found that go/no-go task (GNG) reaction times and the percentage of correct responses were strongly related to other global measures of interference (Stroop) and executive functioning (Trails B and WCST), as well as more specific in vivo measures of motoric impulsivity following traumatic brain injury (TBI). Further, Collins and Long (1996) found that a combination of a simple reaction time task and GNG choice reaction time task successfully discriminated between an impaired TBI group, a nonimpaired TBI group, and normal controls. Ryan and colleagues (2012) demonstrated that inhibitory control, as measured by Levels 2 and 3 inhibitory control in the PGNG task, is poor for those with bipolar disorder in the euthymic phase, and even poorer in the hypomanic/manic phase, consistent with the clinical manifestation and description of behavior in bipolar disorder. In contrast, Processing Speed with Interference Resolution was disrupted in a phase-independent manner on Levels 2 and 3 for those with bipolar disorder. Analysis of specific variables can therefore be evaluated independently or in combination to yield important clinical information.
Several authors have emphasized the need for new neuropsychological measures that can help differentiate inhibitory control from cognitive domains such as processing speed, general intelligence, and other aspects of executive functioning as well as measures that can distinguish specific aspects of inhibitory control that may implicate different cognitive or psychological disorders (Friedman & Miyake, 2004; Nigg, 2000) . Although the PGNG task has already proven useful with a number of clinical populations as described above, there have not yet been published norms to objectively reference individual performance levels. The norms presented in this paper are designed to assist practitioners and researchers in more accurately identifying individuals who have difficulty with processing speed, interference resolution, sustained and complex attention, and inhibitory control processes.
METHOD Participants
The normative sample consisted of 276 individuals who documented informed consent as approved by the institutional review board (IRB) of the University of Michigan and Marquette University. A semistructured interview was administered that included rule-out diagnoses for neurologic conditions, psychosis, and substance abuse as taken from studies using the DSM-IV/SCID-IV (Structured Clinical Interview for DSM-IV Axis IV Disorders, where DSM-IV = Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition; First, Spitzer, & Gibbon, 1995) . Any participant found to have past or current psychotic symptoms, dementia, head injury including a loss of consciousness, or conditions that may affect cognitive functioning were excluded from this normative sample. Specifically, any subject that had seen a neurologist for any reason was excluded. Downloaded by [University of Illinois Chicago] at 06:25 08 January 2013
In addition, for adults over the age of 55 years, we used the Mini-Mental State Exam (MMSE; >25), Benton Visual Form Discrimination Test (>25), and Benton/Boston Naming tests (>16%ile) to exclude those with poor orientation, visual deficits, or remote memory difficulties (Ferman et al., 2006; Folstein, Folstein, & McHugh, 1975; Huff, Collins, Corkin, & Rosen, 1986; Van Gorp, Satz, Kiersch, & Henry, 1986) . These conservative cutoffs were designed to exclude individuals with neurological impairment and represent one standard deviation below normal levels (and a higher MMSE cutoff than what is typically used for dementia).
Participants ranged in age from 18 to 60 years (M = 29.8, SD = 12.4; Mdn = 24.0). We selected these ages to focus on individuals who may report difficulties with attention or impulse control during their adult years, but most likely are not yet experiencing significant age-related declines in cognition. As 18-19-year olds were typically still enrolled in school, and their evaluations may not denote the end of their educational career, these individuals were grouped separately without distinguishing their education level. The remaining age groups were designed to correspond with attentional demands required throughout the young adult to middle adult years. The educational level of the sample was 15.3 years (SD = 2.4; Mdn = 15.0). Despite this slightly higher than normal educational level, 12% of the sample had ≤12 years of education, and 78% of the sample had ≤16 years of education. The female to male ratio was 145 to 131 (53% female). Demographic variables for the different normative groups are further detailed in Table 1 .
Measures

The Parametric Go/No-Go Test
The Parametric Go/No-Go Test presented here is an 11-minute test that consists of three levels, Note. Normative group data presented as: age group followed by education in years. n = number per group. Data for age and education presented as: mean (standard deviation). Data for gender presented as percentage male.
completed in order of ascending difficulty. For all three levels, a serial stream of letters is presented (black letter in 40-point Times font on a white background computer screen), each letter for 500-ms intervals with a 0-ms interstimulus interval.
Responses are made as quickly as possible using the index finger of the preferred hand by key-press on a designated computer keyboard key (letter "n"). Level 1, the three-target, static-inhibition go level, is designed to build and sustain prepotent responding to the set of target letters (here "x," "y," and "z," see Figure 1 ). The participant responds to the target letters every time they appear, regardless of order. Because the participant responds to the targets every time they appear, prepotency is built for responding to these stimuli, regardless of context. This level measures attention and response time and has four dependent measures. Percentage correct target trials (PCT-measuring sustained attention and set maintenance) is computed by dividing the correct target responses by the total number of possible target responses for the respective level of the task. Response time to targets (Level 1 RT-measuring processing speed in a multiple target search) is the average response time for correct targets for Level 1 of the task. Response time to targets standard deviation (Level 1 SD) is the standard deviation for response time to targets on Level 1. In order to take into account the variability of reaction times in the different age groups, a coefficient of variation (CoV) was computed to provide a more relevant measure of response variability (Duchek et al., 2009 ). The CoV is computed by dividing the individual standard deviation by the mean of the reaction times (× 100). The higher the CoV, the greater the dispersion in the variable.
Efficiency is a measure that balances response time with accuracy, such that those who respond accurately and rapidly have the highest efficiency scores. Those who are slower and accurate, or faster and less accurate, have comparably lower scores (Gur et al., 1992; Langenecker et al., 2005) , and those who are slower and less accurate have the lowest scores for efficiency. The efficiency ratio for Level 1 of the task is computed with the following formula: (PCT/RT) × 100. The use of an efficiency score is a global "first pass" at characterizing performance and is used to determine "intact performance." Those with slow, accurate responding and/or fast impulsive responding would have a substantially lower efficiency score, which could be easily disambiguated by then looking at the accuracy for targets and lures, and then response time for targets. Response strategy could differ but yield equivalent efficiency scores, and this is useful clinical information for understanding and developing Downloaded by [University of Illinois Chicago] at 06:25 08 January 2013 accommodations for those with poor sustained attention, greater impulsivity, and/or slower processing speed. Excluding the practice trials, there are 33 targets and 181 nontargets, for a time of 1 30 on Level 1 of the PGNG.
In Level 2, the two-target, context-based go/nogo level, participants are required to respond to the target letters ("x" and "y") each time they appear, in alternation or nonrepeating order ("z" is omitted from this level as a target or distractor). For example, this "nonrepeating rule" stipulates that once the participant responds to the target "x," the working memory (WM) target set is "y," and the WM inhibit set for lures is "x." After they respond to a "y," then the set is shifted such that the WM target set is "x," and the WM inhibit set is "y." The task is designed so that only two targets need to be tracked, and the participant is instructed to start over if they become confused about the current WM target or inhibit set. Because there are only two targets to track in alternation, some success can be obtained by a strategy of anticipation, or remembering only the current WM target item. Level 2 measures sustained attention (Level 2 PCT), response inhibition (percentage correct inhibitory trials, Level 2 PCI), complex processing speed (Level 2 RT), and response time standard deviation (Level 2 SD; subsequently converted to CoV). PCI is computed by dividing the total number of correct inhibitory trials by the total number of potential inhibitory trials (× 100). The efficiency ratio now includes prorated PCI and PCT based upon the higher proportion of targets to inhibitory trials (about 3.7 to 1). Efficiency ratios for Levels Downloaded by [University of Illinois Chicago] at 06:25 08 January 2013 6 VOTRUBA AND LANGENECKER 2 and 3 of the task are computed with the following formula: ({[(5 × PCT) + PCI]/6}/RT) × 100. Excluding the practice trials, there are 33 targets, 9 lures, and 170 nontargets, for a time of 1 46 in Level 2 of the PGNG.
In Level 3, the three-target, context-based go/nogo level, the ability to anticipate the next correct response is decreased by adding an additional target to the WM target set. For example, as the targets in Level 3 are "x," "y," and "z," after each target response (say "x"), the other two targets become part of the WM "go" target set ("y," "z"), and "x" is in the WM "no-go" inhibit set. After responding to "z," then the WM target set ("x," "y") shifts, as does the WM inhibit set ("z"). Level 3 requires sustained attention, response inhibition, and set shifting. The same nonrepeating rule is in effect. However, by reducing the ability to correctly anticipate the next response and increasing the WM target set, the difficulty level is substantially greater. Level 3 was added to remove ceiling effects in performance of young, healthy adults (see previous work- Langenecker et al., 2005; Nielson et al., 2002) and to parameterize the GNG task. Level 3 measures from the PGNG, like Level 2 but at a greater difficulty level, were intended to assess sustained attention, context-based inhibition, set shifting, and interference. In Level 3 of the PGNG, excluding the practice trials, there are 52 targets, 14 lures, and 256 nontargets, for a time of 2 41 .
The PGNG has clinical (11-min) and fMRI (25-min) versions and includes a clinical alternate form version that incorporates a different set of three target consonants (r, s, t). Studies are currently underway to evaluate the equivalence of the alternate form version. The current norms are based only on the clinical version of the task with target letters x, y, and z. The dependent variables have moderate to high internal validity and good to strong reliability .
Construct validity of the PGNG was measured using tests chosen to provide evidence of discriminant validity from constructs such as language, motor skills, memory, and general intellect as well as to provide some convergent validity with commonly administered measures of processing speed, attention, and executive functioning. As different aspects of the PGNG task are purported to measure different aspects of executive functioning, we expected some convergence with all measures of "executive functioning," though most specifically with tasks of interference control and set shifting. Measures to assess for convergent validity at various levels of the PGNG task thus included tasks of (a) visuomotor processing speed: Digit Symbol from the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III; Wechsler, 1997) Grant & Berg, 1948) . In contrast, tests included to assess for discriminant validity included (a) phonemic word generation: Controlled Oral Word Association Test (COWAT; Benton & Hamsher, 1978) ; (b) motor dexterity: Purdue Pegboard test (Tiffin, 1968) ; (c) memory: California Verbal Learning Test-Second Edition (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000) ; and (d) general intelligence: Shipley (Shipley, 1940) . All of these measures are commonly used in the neuropsychological community and have welldocumented reliability and validity.
Statistical analyses
Zero-order correlations were computed to determine the relationship between age and education with the PGNG task variables of interest. Pointbiserial correlations were used to evaluate the relationship between gender and these PGNG variables. Multiple regression analyses were then performed to elucidate the relative contributions of age, education, and gender on the PGNG efficiency scores. As only age and education were statistically significantly related to PGNG scores, descriptive statistics were created for each of the age by education cells in the 3 × 2 matrix at each level of the task to display normative data. An exploratory factor analysis was also conducted to evaluate the structure of the current data and assess concordance with prior studies involving the PGNG measure. Finally, correlations between the PGNG measure and other tests of neuropsychological functioning were conducted to assess the construct validity of the PGNG task.
RESULTS
The relative effects of age, education, and gender on efficiency ratios were explored by using multiple regression analyses. These results are presented in Table 2 . The adjusted R 2 value for the regression, with Level 1 PGNG efficiency as the dependent variable, was significantly different from zero, F(3, 266) = 8.32, p < .01; R (sr 2 = .08). When predicting performance on Level 2 of the PGNG, the model was again significant when overall efficiency was the dependent variable, F(3, 271) = 14.84; p < .01; R 2 adj = .13, with age (sr 2 = .14) and education (sr 2 = .02) being unique predictors of overall efficiency. Finally, age was the only unique significant predictor of overall efficiency on Level 3 of this task, F(3, 271) = 19.33; p < .01; R 2 adj = .17; age sr 2 = .17. The relationship between age, education, and PGNG efficiency ratios are graphically illustrated in Figure 2 .
The normative data were thus stratified based upon age (18-19 years; 20-29 years; 30-44 years; 45-60 years) and education (≥16 years; <16 years), with age as the major variable predicting decline in performance. These age cutoffs were devised based upon current knowledge of development and decline of executive functioning skills: with performance peaking in the 2nd decade of life, declining slightly in the 3rd decade and the first half of the 4th decade, and subsequent mild decline in the latter 4th decade and 5th decade (for reviews see Hedden & Gabrieli, 2004; Park, O'Connell, & Thompson, 2003) . Descriptive statistics for these cells at each level of the PGNG task are found in Tables 3, 4 , and 5. 
Factor structure of the PGNG variables
With the present sample, only healthy control subjects were included, which might be expected to restrict the range of performances, particularly at easier levels of the task. We conducted exploratory FA similar to those conducted in Langenecker, Caveney, et al. (2007) and Ryan et al. (2012) , including principal axis FA with oblique rotation. We report the factor loadings for the present sample and include those from prior works for comparison purposes in a lower limit of 60% for go and no-go accuracy for Levels 2 and 3 of the task. Loadings and variance accounted for by the other 7 variables are highly consistent with the previous exploratory FA.
Construct validity of PGNG measure
In order to assess the construct validity of the PGNG measure, correlations between the PGNG measure and other commonly administered neuropsychological tests were evaluated. Information pertaining to how our sample performed on other neuropsychological tests is presented in Table 7 , and the correlations between PGNG variables and other neuropsychological tests of interest are presented in Although Level 3 of the task was significantly related to tests involving set shifting, performance on Level 3 was also strongly related to tests of processing speed, attention, and interference control. The PGNG measure also showed good discriminant validity. It was only modestly related to verbal learning (CVLT Trials 1−5) and verbal fluency (COWAT) and was not significantly related to verbal memory (CVLT long delay free recall). Upper extremity motor dexterity (Purdue Pegs) was only significantly related to Level 1 of this task, emphasizing the well-known relation between motor skills and reaction time.
As expected, as the PGNG measure became more demanding (Levels 2 and 3), correlations between PGNG measures and other tests of executive functioning generally got stronger. Further, cognitive tests (particularly executive measures) were generally more strongly correlated with efficiency ratios than any single PGNG measure highlighting the sensitivity of the PGNG efficiency score. Although the PGNG was modestly correlated with the Shipley at all levels of the test, the relationship between Shipley scores and PGNG performance did not get stronger as the task became more difficult, suggesting that more difficult levels of the task are not simply measuring improved global functioning ability ("g").
Clinical utility of the PGNG measure
In the interest of clinical utility, we also present observations on what might be constituted as variable or questionable engagement in PGNG task performance. The 11 primary PGNG variables can be used to differentiate impairment, variable effort, and variable task engagement. To illustrate these uses, we used psychometric cutoffs in the sample of 134 healthy 20−29-year-olds to depict performance styles that might be typical and atypical in clinical practice. Figure 3A shows that 10% of the sample in that age group had a tendency to impulsively respond to prepotent stimuli (i.e., fall 1 SD below the mean performance in Level 2 and Level 3; only a small number of respondents fell below a mean performance of −1.5 SDs). Note that the definition using this cutoff avoids variability in impulsivity across levels, which might be more accurately classified as inattentiveness or variable engagement. The test may also capture difficulty with sustained attention (2.3% of the sample; see Figure 3B ).
There are two categories for variable attention: faders, whose performance declines and varies substantially on the most challenging level of the task, and skippers, who alternate in responding to go targets to avoid making commission errors for no-go items. Corroboration with clinical information is always necessary in this case, and the names for these groups are intended to reflect possible motivational and situational factors underlying variable performance.
As alluded to above, faders tend to perform well on Level 1 and Level 2 of the task, but their performance tends to decline somewhat for reaction time, increase in response time variability, and decline in accuracy on Level 3. The fader group is defined psychometrically by having response time variability (RT.SD) within 1 standard deviation of the mean for Level 2 and response time variability greater than 1.5 standard deviations from the normative mean for Level 3. For these individuals, data for Levels 1 and 2 tend to be valid, while Level 3 data should be interpreted conservatively and corroborated with clinical information. It is also possible that a response profile of this type reflects specific difficulty with set shifting. The disengagement, even to a small extent, at Level 3, tends to result in an overestimate of inhibitory control, while underestimating other parameters. Figures 3B (go accuracy) , 3C (go RT), and 3D (go RT.SD) illustrate these phenomena.
Skippers are a unique subcategory that may be specific to how this task is designed. As the task includes a contextual response inhibition component, some individuals may elect to respond Downloaded by [University of Illinois Chicago] at 06:25 08 January 2013 to every other go target stimulus, essentially gaining higher accuracy in impulse control, while accepting lower accuracy in sustained attention, or go stimulus accuracy. This strategy of responding results in poor attention performance, typically 50−60%, and very high inhibition performance, typically over 90%. For these individuals, this style of responding typically only occurred for Level 2 or Level 3, but not both, which is why the average accuracy for skippers in attention ( Figure 3B ) and inhibition ( Figure 3A ) accuracy may not reflect these wild swings in performance from one level to another. In clinical samples, this skipping phenomenon can happen more frequently, and monitoring of responses to be sure that subjects are responding regularly and consistently is advised. Decision rules for defining skippers are performance within 1 standard deviation for go accuracy on one level (2 or 3), whereas the alternate level (2 or 3) results in performance 1.5 standard deviations below the mean. The level with poor accuracy must also have exceedingly good accuracy for nogo trials, typically close to 100%. In addition, those with 50−60% accuracy for go trials and 90+% accuracy for no-go trials should be evaluated for an excessively defensive response style, as can be seen in anxiety disorders (Langenecker, Caveney, et al., 2007) .
DISCUSSION
The results presented here provide replication of the factor structure, as well as construct validity, normative data, and evidence of age and educationrelated effects with the Parametric Go/No-Go Test. The most pronounced age effects occurred with the efficiency ratios, which were driven most by the response time to targets, similar to our previous work and consistent with the well-known declines in processing speed that naturally occur with age. It is clear that as age increases, individuals slow down; perhaps as a function of both reduced reaction time and an attempt to compensate and maintain high levels of accuracy Nielson et al., 2002) . Results show that this strategy is successful on easier tasks, supporting the theory of Kramer and colleagues (Kramer, Humphrey, Larish, Logan, & Strayer, 1994 ) that there is only limited evidence for Downloaded by [University of Illinois Chicago] at 06:25 08 January 2013 age-related declines in inhibitory ability. However, as participants complete the most difficult level of the task, their accuracy to targets decreases, and response time increases with age.
The replication of prior PGNG factor analytic findings highlight the ability of the PGNG task to distinguish processing speed (via reaction time measurements, which can include an interference cost component at Levels 2 and 3), from sustained attention (via target accuracy) and inhibition (via inhibition accuracy). Results also provide evidence for the added utility that may be garnered in the use of Level 3 of the PGNG task: specifically, the ability to distinguish between inhibition with minimal demand on working memory (akin to interference control in which only one working memory set is required in order to be successful) and inhibition with cognitive set shifting (in which multiple working memory sets are required). As many static go/no-go tasks rely heavily on vigilance for what subjects often describe as tedious or boring tasks, adding a level of difficulty where cognitive challenge is present can help distinguish between deficits in vigilance or sustained attention from those deficits in more complex sustained attention with set shifting or aspects of inhibitory control. Such differentiation could be helpful in the diagnosis of behavioral disorders such as attentiondeficit/hyperactivity disorder (ADHD) in adults, as well as identification of behavioral or personality characteristics that may prove deleterious in social situations. Future research can expand on this concept by further elucidating specific aspects of inhibitory control that may lead to functional implications.
Although this study was limited by the fact that no other measure of specific inhibition of a prepotent response was included in analyses, the data highlight the construct validity of the PGNG measure as a measure including assessment of processing speed, attention, and executive functioning, with moderate to strong correlations between the PGNG measures and measures of psychomotor speed, visuomotor coordination, auditory attention, and measures commonly included under the broad construct of executive functioning such as interference control, inhibition, and set shifting. Alternatively, low correlations were exhibited between PGNG measures and measures of verbal learning, verbal fluency, motor dexterity, and memory. These initial normative data therefore represent the PGNG as a complement to currently used measures of executive functioning and may assist practitioners and researchers in more accurately identifying individuals that have deficits in response time, sustained and complex attention, and different types of inhibitory control processes under varying conditions of cognitive challenge.
We expect that clinicians and researchers will use this task to evaluate additional disorders and conditions to broaden the footprint of executive functions that can be assessed in neuropsychological evaluations. It is our contention that the current repertoire of tasks is limited in specificity and that there are gaps in what can be measured. Current and future research with the PGNG can help fill these gaps. To date, work largely by our group has demonstrated that the measures of impulse control in this sample are sensitive to TBI and the hypomanic/mixed phase of illness in bipolar disorder. It is also likely that this test could be effective in corroborating evidence of impulsivity in ADHD. Sustained attention tests have typically demonstrated poor sensitivity in corroborating selfand observer reports of inattention and impulsivity, and the PGNG test may offer a more sensitive and specific assay of these skills.
There are a number of features of this test and the normative data that are important to discuss. The PGNG, particularly in Levels 2 and 3, often results in a trade-off between response time and accuracy in response to targets, typical of what is seen in most continuous performance and static go/no-go tasks. Notably within the PGNG, subjects may trade off slow response time and decreased accuracy in response to targets in an attempt to avoid commission errors. As a result, they will appear to have poor sustained attention and erratic response times. However, in actuality, their sustained attention and inhibitory control may be quite good. Instead, this performance profile is an example of how some individuals may weight commission errors more importantly than omission errors, despite the fact that there are nearly four times as many target as inhibitory trials. Posttest clarification of strategies that the individual employed for the test can differentiate a withdrawn, overinhibited strategy, where accuracy for targets is low, response time for targets is slow, and inhibitory accuracy is quite high (skippers), from a similar pattern of high inhibitory control accuracy in the context of intact response time and accuracy for targets. In addition, when anxiety is high, inhibitory control may be performed above normative levels. Therefore, it is recommended that this task be used in conjunction with a measurement that clarifies a subject's response strategy in order to further delineate potential strengths and deficits.
The present data do not tease apart performance at the age range above 60 years. Clearly, performance would likely decline after age 60, and future studies will be needed to provide normative data Downloaded by [University of Illinois Chicago] at 06:25 08 January 2013 in older age ranges. The PGNG was specifically designed to assess attention and inhibitory complaints in younger adults who may have preexisting or acquired attentional and inhibitory difficulties.
In conclusion, the PGNG task provides a brief, yet thorough, evaluation of processing speed, sustained attention, interference control, and response inhibition that deserves independent attention from other commonly administered tests of executive functioning. It is thought that the measure can be of assistance to neuropsychologists interested in a more nuanced and comprehensive analysis of an individual's response control and can thus act as a tool that can aid in both diagnosis and treatment planning.
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